Introduction
Hexahalometallates A2+[M X6]:_ (A = univalent cation, M = central metal atom , X = Cl, Br, I) have been investigated extensively by nuclear quadrupole resonance, N Q R , spectroscopy in the last three decades [1 , 2 ] .
In case the cation A + has spherical symmetry, hexahalometallates crystallize preferentially with the cubic space group F m 3m (K 2P tCl6 type struc ture) and F d 3 c for A = Me4N +, respectively [3] . It has been shown that the shift o f the NQR frequen cies of the halogen atoms can be interpreted as a function of the changes of the lattice charge contri bution to the electric field gradient, E F G , at the halogen site [4, 5] . Hexachloropalladates crys tallize with a K 2P tCl6 type structure, too [6 , 7] , Their 35C1 N Q R data are reported in this paper.
The hexachloropalladate with the tetramethylammonium cation Me4N + has an unexpected property. It is possible to include Cl2 into the octa hedral interstitial sites of the face centered unit cell of the PdCl62-anions. A clathrate com pound with the stoichiometry (Me4N)2PdCl6 -.vCl2 (.v < 1) could be prepared. 35C1 N QR and relevant crystal structure data o f (M e4N)2PdCl6 -.vCl2 ( .y < 1) are given here. The analogous com pound with tin as the central metal atom (Me4N )2SnCl6 -.YCl2 ( . y < 1) Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0932-0776 91 090 0 -1214 SOI .00 0 could also be synthesized and its lattice constants determined.
Experimental

Preparation o f the compounds
The hexachloropalladates have been prepared according to the m ethod described in [8 , 9] , By dis solving Pd in warm concentrated HC1 and passing chlorine into the solution, a brown solution con taining [PdCl4]:~ was prepared. The appropriate chloride AC1 (A = Rb, Cs, N H 4, and Me4N, re spectively) was added. The hexachloropalladate crystallized immediately when Cl2 gas was passed through the hot solution. The results of the C, H, N analysis are given in Table I together with the Cl analysis. Chlorine has been determined as follows: The compounds were dissolved in aqueous hydrazinium sulfate solution. Thereby PdIV is reduced to Pd°, and Cl2 to C1". The metallic precipitate was filtered off and the am ount of Cl-determined by the method of Volhard.
It is possible that a part o f the Cl2 included in (Me4N)2PdCl6 -.vCl2 (,y < 1) escaped w ithout being reduced. Therefore the correct am ount o f chlorine may be slightly higher than the one given in Table I .
(M e4N)2SnCl6 -.YCl2 (.y < 1) was prepared by passing chlorine gas at various tem peratures into a saturated solution o f (M e4N )2SnCl6 in water. The results of the analysis for the com pound prepared at 70 °C are given in Table I . From the C, H, N analysis .y is calculated as close to 1 in both com pounds, while from the Cl value .y is 0.9 in the hexachloropalladate and 0 . 6 in the hexachlorostannate. C rystal structure analysis o f (M e 4N ) 2P dC l6-xCl-, (x < l)
The X-ray diffraction data of a single crystal of (Me4N )2PdCl6 • xCl2 (x < 1) were collected at room tem perature with graphite (0 0 2 ) m onochrom ated M oK a radiation on a Stoe-Stadi4 four circle dif fractometer. The intensity data were corrected nu merically for absorption. The experimental condi tions and crystallographic data (unit cell param e ters, space group etc.) are summarized in Table II . The mass density has been determined pycnometrically with water as the liquid. The structure de term ination was carried out using the program SHELX76. The atomic positions and therm al pa- Table II The unit cell constants of (Me4N )2SnCl6 xCl2 (x = 0 and < 1) have been determined from Guinier X-ray powder photographs (C uK a] radia tion). Both com pounds crystallize in the space group F d3c. Si has been used as a standard to eli minate systematic errors in 0 and to calibrate the film. Using the corrected 9-values, the cell con stants have been taken from a plot sin2# versus h2 + k2 + P.
35Cl N Q R
The 35 C1 N Q R spectra of the A 2P dCl6 com pounds with A = Rb, Cs, N H 4, and Me4N have been studied using a superregenerative NQR spec trometer. The spectra were recorded with Zeeman m odulation and a time constant of 1 0 s (lockin-amplifier). The accuracy of the determined reso nance frequency is ± 5 kHz, limited by the 35C1 N Q R line width. The N Q R spectra of A2PdCl6 (A = Rb, Cs, N H 4) have been measured at 77 K, 210 K, and 290 K, while the 35C1 N Q R frequencies of (M e4N )2PdCl6 -xCl2 (x < 1) have been studied as a function o f tem perature between 150 K and 350 K, the tem perature range in which the signals were observable. The tem peratures were generated in the following ways (method, tem perature range, error in T): Liquid nitrogen bath, 7 7 ± 0 .5 K ; nitrogen gas stream, 150 < T ± 0.8/K < 200; m ethanol cryostat, 200 < T ± 0.1 /K < 300; oil bath, 300 < T ± 0.5/K < 350.
Results and Discussion
C rystal structure o f ( M e4N ):PdCl6 • xC12 (x < I)
The systematic absenses of certain reflections and the weak super lattice reflections, absent for space group F m 3m , were consistent with a refine ment o f the structure of (Me4N )2PdCl6 ■ xC l2 (.y atomic and thermal param eters are given in Table III. The anion has the symmetry 3. There are two sorts of Me4N + ions in the unit cell. The distance between the M e4N + ion and Cln) which belongs to the PdCl62~ anion is about 380 pm, the sum of the van der W aals radii. The anions form a cubic face centered unit cell doubled in each direction with the Me4N + cations in the tetrahedral holes (Fig. 1) . A com parison o f the F m 3 m and F d 3 c structure for (M e4N )2M X 6 com pounds can be found in [11] . The C1(2)-C 1(2) bond length for the Cl2 molecules located in the octahedral intersticial sites is 197(1) pm which is nearly the same as that of gas eous Cl2. The Cl2 molecule is close to Cl(1) of the [PdCl6]2-anion (314 pm) (Fig. 2) . Further intra- C 1 (1 ) 377.3 C 1(2)-C 1(1) 313. 7 and intermolecular distances and angles are listed in Table IV .
Lattice constants o f ( M e4N ) 2SnCl6 • x C l2 (x = 0, x < 1)
The reflections of the X-ray powder pattern for (Me4N)2SnCl6 and for the clathrate (Me4N)2SnCl6 -jcC12 (x < 1) follow identical index ing and in both cases the superlattice reflections are observed; therefore in both cases the space group is F d3c. The reflections of the clathrate compound are shifted to smaller 0 -values; this cor responds to an increase of the lattice constant due to the Cl2 inclusion. No broadening or splitting of the powder diffraction lines of the clathrate is ob served, indicating a single phase.
The lattice constants are:
(Me4N)2SnCl6: a = 2574.68(6) pm, (Me4N)2SnCl6 • jcC12 ( jc < 1): a = 2587.25(2) pm.
The lattice constants given in the literature are a = 1283.5(2) pm [12] (for space group Fm 3m ); 2573(6) pm [13] , and 2569.9(3) pm [14] (space group Fd3c).
35Cl N Q R spectroscopy
In Table V As for all other A2MC16 com pounds with F m 3 m or F d 3 c structure the N Q R frequency of chlorine rises with increasing volume of the unit cell per formula unit (Table V) . There are some ap proaches in the literature to explain this tendency by point charge calculations of the EFG created by the lattice charges [4, 5] . The tem perature de pendence of the K 2P dCl6 N Q R signal has been studied intensively by Arm strong and coworkers. They tried to deduce the observed frequency shift from the internal vibrational motions and a single librational m otion of the anion [15, 16] (Fig. 3) . The tem perature dependence can be approxim at ed by the power series v(35Cl) = Z a^T ' with a_, = 114.2417 M H z-K , a0 = 26.0859 MHz, a, = 8.4083-10"3 M H z-K "1, and a2 = -16.7387-10"6 M H z-K 2 between 149.5 K and 346.3 K. The standard deviation is 3.9 kHz for measurements of 35 different temperatures. The presence of the signal is proof for the exist ence of an ordered phase. The 35C1 N Q R signal has a frequency as expected for (Me4N)2PdCl6 without inclusion o f Cl2. The interaction between Cl2 and PdCl62-, therefore, is weak. The 35C1 N Q R signal for the Cl2 molecule is to be expected at ca. 50 M Hz, but could not be detected. This may be a result of the m otion o f Cl2 in the octahedral inter stices.
The 35C1 NQR frequency vanishes below 150 K. O ther (M e4N )2M Cl6 com pounds (M = Sn, Te, Pt) also showed a structural phase transition in this region [13, 17] . The results of chemical analysis, NQR spectro scopy, and X-ray diffraction dem onstrate that it is possible to include chlorine as a guest molecule into the crystal lattice o f hexachloropalladates and hexachlorostannates, whose octahedral interstices have a diameter o f about 8.2 A. In the case of (M e4N )2SnCl6 the host lattice is stable in the ab sence o f the guest molecule. The result of the inclu sion is an expansion o f the unit cell. For most clathrate com pounds known, the lattice is stable only if the guest molecule is present. In the absence of the guest, the host lattice has a more condensed structure. An inclusion of gas molecules in un occupied crystal holes has already been observed in com pounds o f the type M [M '(CN)6] [18, 19] .
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